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We make a thorough study of the process of three body kaon absorption in nuclei, in connection 
with a recent FINUDA experiment which claims the existence of a deeply bound kaonic state from 
the observation of a peak in the Ad invariant mass distribution following K~ absorption on ''Li. We 
show that the peak is naturally explained in terms of K~ absorption from three nucleons leaving 
the rest as spectators. We can also reproduce all the other observables measured in the same 
experiment and used to support the hypothesis of the deeply bound kaon state. Our study also 
reveals interesting aspects of kaon absorption in nuclei, a process that must be understood in order 
to make progress in the search for K~ deeply bound states in nuclei. 



PACS numbers: 13.75.-n,12.39.Fe,14.20. Jn,11.30.Hv 
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I. INTRODUCTION 

The possibility of having deeply bound K~ states in 
nuclei is drawing much attention both theoretically and 
experimentally. The starting point to face this problem 
is obviously the understanding of the elementary KN in- 
teraction, and lots of efforts have been devoted to this 
topic, mostly using unitary extensions of chiral pertur- 
bation theory [1 i, i, i, "11, 0, i, i, [11 ■ The recent de- 
termination of the K~p scattering length from the study 
of K^p atoms in DEAR at DA<i>NE [U] has stimulated 
a revival of the interest on this issue and several studies 
have already incorporated chiral Lagrangians of higher 
order p^[^.^^i3. [l5| in addition to the lowest order one 

Much work has also been done along these lines in 
order to study the interaction of kaons with nuclei, de- 
ducing K~ nucleus optical potentials with a moderate 
attraction of about 50 MeV at normal nuclear matter 
density [H, [H El [H H^. The selfconsistency of the 
calculation is an important requirement for the construc- 
tion of the potential, due to the presence of the A(1405) 
resonance below threshold, and is responsible for a fast 
transition from a repulsive potential in the tp approxima- 
tion at very low densities to an attraction at the densities 
felt by measured kaonic atom states. This "shallow" the- 
oretical potential was shown to reproduce satisfactorily 
the data on shifts and widths of kaonic atoms [2l!| . How- 
ever, reduced chi-squared values were obtained from phe- 
nomenological fits to kaonic atoms which favored strongly 
attractive potentials of the order of —200 MeV at the cen- 
ter of the nucleus 22J. A combination of theory and phe- 
nomenology was attempted in Ref. [23], where an excel- 
lent fit to the full set of kaonic atom data was found with 
a potential that deviated at most by 20% from the the- 
oretical one of [r^. This potential also generated deeply 
bound K~ nuclear states having a width of the order 



of 100 MeV, much bigger than the corresponding bind- 
ing energy. The bound states would then overlap among 
themselves and with the continuum and, consequently, 
would not show up as narrow peaks in an experiment. 

Other phenomenological potentials of sizable attrac- 
tion (with potential depths around 100-200 MeV at 
Pq) that could in principle accommodate deeply bound 
states, have been discussed in [13, [H, [H, [H [H, [H, [s^, 
[3l| . In these latter works a relativistic mean field ap- 
proach is followed, introducing a and to fields which cou- 
ple to kaons and nucleons to obtain the K nucleus optical 
potential. Less attractive potentials within this frame- 
work are also found in [H, l33l . [33 | . A new look at these 
relativistic mean field potentials from the perspective of 
the microscopic chiral unitary approach is presented in 

The opposite extreme has been represented by some 
highly attractive phenomenological potentials with about 
600 MeV strength in the center of the nucleus [H, [13] ■ 
These potentials, leading to compressed nuclear matter 
of ten times nuclear matter density, met criticisms from 
[ssj and more recently from [l^]. The work of [11] met 
criticism from [1^ concerning the "narrow peak" pre- 
dicted in [1^ , but actually the width of the peak was not 
calculated in [1^. It was calculated in [40] showing that 
it was not narrow and indeed agrees with the revised ex- 
periment of the KEK work as we shall discuss below. The 
criticisms of [1^ were rebutted in ^40^ and more recently 
in [Mi- 
Predictions of deeply bound states for few nu- 
cleon systems have been first done in [3^ . \3^ . More 
recently, Faddeev-type calculations were made for the 
KNN system using phenomenological input in [H [l^ 
and a leading-order chiral interaction in [44| . Both stud- 
ies found a K~pp quasibound state above the ttYiN 
threshold with a relatively large width. A variational 
approach with phenomenological local potentials has also 
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been applied in [45'] to study the KNN system, leading to 
a bound state at about 50 MeV below the KNN thresh- 
old. A more recent variational calculation [i^jll^ empha- 
sizes the important role of the repulsive NN interaction 
at short distances and obtains preliminary results having 
smaller bindings and larger widths than those found by 
the other earlier approaches. 

On the experimental side the situation is still at a 
very early stage. Initial hopes that a peak seen in the 
{K~^gp,p) reaction on ^He [48'| could be a signal of a K~ 
bound in the trinucleon with a binding of 195 MeV gra- 
dually lost a support. First, an alternative explanation 
of the peak was presented in jsl] , showing that a peak 
with the strength claimed in the experiment was com- 
ing from K~ absorption on a pair of nucleons going to 
pS, leaving the other two nucleons as spectators. This 
hypothesis led to the prediction that such a peak should 
be seen in other light or medium nuclei where it should 
be narrower and weaker as the nuclear size increases. 
This was confirmed with the finding of such a peak in 
the (-fC^gpjp) reaction on ^Li, which already fades away 
in nuclei at FINUDA [4|. In Q the K' absorp- 
tion was described as taking place from (np) pairs of the 
Fermi sea. In '49] the same explanation was given for the 
peaks suggesting that the (np) pairs would be correlated 
in " quasi" -deuteron clusters. The final development in 
this discussion has come from a new experiment of the 
KEK reaction of [i^ reported in [H^ where, performing 
a more precise measurement, which subsaned deficiencies 
in the efficiency corrections, the relatively narrow peak 
seen in disappears and only a broad bump remains 
around the region where the peak was initially claimed. 
The position and width of this broad b ump are in agree- 
ment with the estimations done in [13, |4l[ based on the 
kaon absorption mechanism of [s^ . 

The second source of initial hope came from the exper- 
iment of the FINUDA collaboration [sij, where a peak 
seen in the invariant mass distribution of Ap following 
K~ absorption in a mixture of light nuclei was inter- 
preted as evidence for a K~pp bound state, with 115 
MeV binding and 67 MeV width. However, it was shown 
in [H, nil that the peak seen could be interpreted in 
terms of K~ absorption on a pair of nucleons leading to 
a Ap pair, followed by the rescattering of the p or the A 
on the remnant nucleus. 

More recently, a new experiment of the FINUDA col- 
laboration [54] found a peak on the invariant mass of Ad 
following the absorption of a K^ on ^Li, which was inter- 
preted as a signature for a bound KNNN state with 58 
MeV binding and 37 MeV width. These results are puz- 
zling, since the bound state of the K in the three nucleon 
system has significantly smaller values for the binding 
and width than those claimed for the bound state of the 
K in the two nucleon system [5l| . These unexpected re- 
sults require serious thoughts but no discussion was done 
in m. 

About the same time as the FINUDA experiment [HJ] a 
similar experiment was performed at KEK (55| . looking 



also at the Ad invariant mass following K~ absorption 
but on a ''He target. The authors of this latter work do 
not share the conclusions of [5j| concerning the associa- 
tion of the peak to a if bound state, and claim instead 
that the peak could be a signature of three body absorp- 
tion. 

In the present work we perform detailed calculations of 
K~ absorption from three nucleons in ^Li and show that 
all features observed in the experiment of [sj can be well 
interpreted in the picture of three body kaon absorption, 
as suggested in [5^ , with the rest of the nucleons acting 
as spectators. 



II. MECHANISM FOR A THREE BODY 
ABSORPTION 

In the K~f^pA AdA' reaction ^53|, at least three nu- 
cleons must participate in the absorption process. Two 
body K^ absorption processes of the type K~NN — > 
T,N{AN) have been studied experimentally in [s^ and 
their strength is seen to be smaller than that of the one 
body absorption K~ N — > 7rE(7rA) mechanisms. This 
result follows the argument that it is easier to find one 
nucleon than two nucleons together in the nucleus. This 
is also the case in pion absorption in nuclei, where exten- 
sive studies, both theoretical [57] and experimental [59[, 
obtain the direct two and three body absorption rates 
with the former one dominating over the later, particu- 
larly for pions of low energy. We follow here the same 
logics and assume the process to be dominated by di- 
rect three body K~ absorption, the four body playing a 
minor role. 

The former assumption means in practice that the 
other three nucleons not directly involved in the absorp- 
tion process will be spectators in the reaction. These 
three spectator nucleons have to leave the nucleus, but 
they were bound in ^Li. The nuclear dynamics takes 
care of this since there is a distribution of momenta and 
energies in the nucleus, and the ejection of cither three 
nucleons, a nd pair or tritium, implies that the absorp- 
tion is done in the most bound nucleons. 

The other element of relevance is the atomic orbit from 
which the kaon is absorbed. This information is provided 
by the last measured transition in the X-ray spectroscopy 
of Ar~-atoms, which occurs precisely because absorption 
overcomes the 7 ray emission. In the case of ^Li this 
happens for the 2p atomic state [21I, . 

Following the line of studies done for pion absorption 
and other inclusive reactions (60j . we describe the nu- 
cleus in terms of a local Fermi sea with Fermi momentum 
kp{r). The nucleons move in a mean field given by the 
Thomas Fermi potential 



V{r) 



2mN 



kpir) 



p{r) 



1/3 



(1) 



where tun is the nucleon mass and p(r) is the local nu- 
cleon density inside the nucleus. 
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This potential assumes a continuity from the energies 
of the bound states (holes) to those in the continuum 
(particles), which is not the case in real nuclei. For this 
reason, we implement an energy gap, A, which is ad- 
justed to respect the threshold of the reaction. The in- 
troduction of a gap in the Fermi sea is a common practice 
in order to be precise with the actual binding energies of 
the nuclei involved in a particular reaction so that the 
corresponding threshold is respected [111, [H, [63| . Hence, 
we demand that the highest possible invariant mass of 
K~NNN system, which happens when the three nucle- 
ons are at the Fermi surface with total three-momentum 
zero, corresponds to the minimum possible energy for a 
spectator three-nucleon system with total zero momen- 
tum, namely a tritium at rest. This situation corresponds 
to 



Me 



Li 



m^- +3mAr -3A + Aff , (2) 



and we determine A = 7.8 MeV. In the above expres- 
sion mji- , Aft, -Men are the masses of the corresponding 
particles and nuclei. 

The probability of K~ absorption by three nucleons 
will be determined from the third power of the nuclear 
density as 



r oc / d''r|*A'-(r)|>^(r) 



(3) 



where (r) is the K~ atomic wave function. In or- 
der to take into account^the Fermi motion we write the 
density as p{r) =4/ -^^Oikpir) — |p|) and then we 
obtain 

Foe J (frd^pid^p2d^P3\'iK-{r)\'^^ 



X Qikpir) - |pi|)e(fcj.(r) - |p2|)e(fcj.(r) - jpgl) . (4) 

From this expression we can evaluate all observables of 
the reaction. Let us first concentrate on the Ad invariant 
mass which, for each K~NNN Ad decay event, is pre- 
cisely the invariant mass of the corresponding K~NNN 
system, the other three nucleons acting as spectators. 
Thus the energy of the Ad pair is obtained from 



EAd — Ek- 
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K- 
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N2 
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(5) 



mj^- +3mN + 



Pi 



Pi 



2mN 2m]si 2m]si 
and the momentum from 

PAd = ^K-NNN = Pi + P2 + P3 

and, correspondingly, 

p2 



^3^-3A 



2m 



N 



2EAd 



(6) 



(7) 



One may also easily obtain the invariant mass of the 
residual system, M* , from 



M* ^E* - 



2E* ' 



with 



E* = rriK- 



Meu - E 



K-NNN 1 



(8) 



(9) 



Each event in the multiple integral of Eq. done 
with the Monte Carlo method, selects particular values 
for r, pi, p2 and pa which, in turn, determine the value of 
the corresponding Ad invariant mass from Eqs. (HI -([7]). 
Since the minimum obvious invariant mass of the residual 
three-nucleon system is M* = Mt, corresponding to the 
emission of tritium, the cut <d{M* — Mt) is also imposed 
for each event. A compilation of events provides us with 
the Ad invariant mass distribution. We also directly ob- 
tain the distribution of total Ad momentum, Eq. ([5]), to 
be directly compared with the Ad momentum measured 
in (541. 

Please note that the model presented here is a straight- 
forward generalization (from two nucleon to three nu- 
cleon K~ absorption) of the one used in Refs. [s^. |53|. 
however here we concentrate on the primary reaction 
peak, while in Refs. j52i . i5S] the authors were more in- 
terested in the peak generated by the final state inter- 
actions, i.e. by the collisions of the primary produced A 
and p on their way out of the nucleus. Since the two nu- 
cleon K~ absorption, discussed in [H,!!!], was measured 
for heavier nuclei [5l| the final state interaction peak was 
stronger than that of the primary reaction, contrary to 
the reaction studied in this work. 

Other observables measured in [53 | require an addi- 
tional work. One is the angular correlation of Ad pairs, 
and the other is the missing mass assuming a residual nd 
system, apart from the measured Ad pair, namely 

Tmiss = m^-+A/6Li-mA-TO„-2Afd-(rA+Tk) , (10) 

where toa , Af ^ and Ta , are the masses and the kinetic 
energies of the A and the d, correspondingly. These two 
observables require the evaluation of the individual A and 
d momenta in the laboratory frame. Their value in the 
center of mass (CM) frame of the Ad pair is given in 
terms of the known invariant mass but their direction 
in this frame is arbitrary. We take this into account by 
obtaining A and d momenta in the CM frame 



P^ 



Pa^^ (sin O cos(/), sin 8 sin (/), cos 9) , 
Pa I 



with 



CM ^ \"\Ml,,ml,Ml) 
^ 2MAd 



(11) 



(12) 



where the events are now generated according to the dis- 
tribution provided by the integral 

j dcosO j d(l) j d^vd^pid^pid^PzY^ K-{r)? 
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xe(fcf(r)-|pi|)e(fcF(r) 
xe(M* -Mt) . 



|P2|)e(fci.(r) 



|P3|) 

(13) 



In order to have the final A and d momenta in the labo- 
ratory frame, where the Ac? pair has momentum PAd, we 
apply the transformations 



C AT 

PA = Pa +"iav 



Pd = 



(14) 



where v = PAd/(?TiA + Md). These last equations allow 
us to find the cosinus of the angle between the direc- 
tions of A and d. Therefore, generating the distribution 
of events according to their relative angle is straightfor- 
ward. We will see, as it is also the case of the experiment, 
that PAd - 200 MeV/c, while - 650 MeV/c, which 
already guarantees that the Ad events will be largely cor- 
related back-to-back. 

We note that our calculations incorporate the same 
momentum cuts as in the experiment, namely 140 MeV/c 
< PA < 700 MeV/c and 300 MeV/c < pd < 800 MeV/c. 
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FIG. 1: (Color online) The Ad invariant mass distribution for 
the Kj^^pA — > KdA' reaction. Histogram and error bars are 
from the experimental paper fs^], while the dot-dashed curve 
is the result of our calculation. 



III. RESULTS 

In Fig. [l]we show the results for the invariant mass of 
the Ad system. Our distribution, displayed with a dot- 
dashed line, peaks around MAd = 3252 MeV as in the 
experiment. The shape of the distribution also compares 
remarkably well with the experimental histogram in the 
region of the peak, which is the energy range that we 
are exploring in the present work. We obtain a width of 
about 36 MeV, as reported in the experiment. Note that 



apart from the peak that we are discussing, the experi- 
ment also finds events at lower Ad invariant masses which 
did not play a role in their discussion [H^]- These events 
would be generated in cases where there is final state in- 
teraction of the A or the d with the rest of the nucleons, 
as was discussed in [s^ Issj , or through other absorption 
mechanisms, but this is not the object of discussion here, 
as well as in (54|. 
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FIG. 2: (Color online) The Ad angular distribution for the 
K~^^pA AdA' reaction. Histogram and error bars are from 
the experiment [s^], while the dot-dashed curve is the result 
of our calculation. As in the experimental analysis, we take 
into account the following cuts: 3220 MeV < MAd < 3280 
MeV. 

The angular correlations between the emitted A and 
d can be seen in the distribution displayed in Fig. [2l 
where, as in the experimental analysis, we consider only 
those events which fall in the region 3220 MeV < M\d < 
3280 MeV. As we can see in the figure, the distribution 
is strongly peaked backward and the agreement with ex- 
periment is very good. 

The distribution of the total Ad momentum in the mass 
range of the bump is shown in Fig. [3l The experimental 
paper does not show a distribution but quotes that it 
peaks around 190 MeV/c, which is precisely the region 
where the peak of our calculated spectrum lies. 

Our results for the missing mass distribution, defined 
by Eq. pUj) , are compared with the experimental data in 
Fig. 2) As we can see, the agreement with experiment 
is reasonably good within the large experimental errors. 
We should remark here that the peak in Fig. [4] was as- 
sociated in 54] to the mechanism of absorption in a 
■*IIe cluster, namely + a(d) Adn(d), motivated by 
the assumption that the ^Li nucleus is largely made of a 
a particle and a deuteron. As we can see, our approach, 
which relies upon three body absorption, reproduces the 
data which, thus, cannot be taken as evidence for the 
mechanism claimed in 1541 . 
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FIG. 4: (Color online) The missing mass distribution for the 
K~^^jjA — > AdA' reaction. Histogram and error bars are from 
the experimental paper [sj, the full curve is the result of our 
calculation. 



An alternative way to present this information in a 
way more closely related to the mechanism we have, is by 
looking at the invariant mass distribution of the residual 
three particle state (the spectator nucleons in our case). 
This is shown in Fig.[5l where the invariant mass is mea- 
sured with respect to Mj, a natural threshold which is im- 
posed in our formalism. We observe a peak in the mass 
distribution at energies around 20 MeV, clearly higher 
than the tritium binding energy of 8.48 MeV. This means 
that there is not only room for t production, but also for 



dn production, as assumed to be the case in [5J] , and for 
uncorrelated three nucleon emission. 

In Fig. [5] we present the momentum distribution of 
the A, which we can also compare with the experimen- 
tal observations. For the results shown in the figure we 
removed the momentum cuts, 140 MeV/c < p\ <700 
MeV/c and 300 MeV/c < pd < 800 MeV/c. We ob- 
serve that the A momentum peaks around 635 MeV/c 
and most of the events are contained in the region be- 
tween 450 MeV/c and 700 MeV/c, as also found in the 
experiment. All our events are contained within the ex- 
perimental window for pd momentum. 

K" \\ —> AdA' 
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FIG. 6: (Color online) The pA distribution for the K^^^^ 
AdA' reaction. 
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IV. EMPIRICAL QUALITATIVE DISCUSSION 
OF THE STRENGTH OF THE REACTION 



In addition to the observables discussed in the previ- 
ous section the yield of the observed peak is also given in 
[13 as YAd = (4.4 ± 1.4) x IQ-^/K^^^p. In the former 
discussion we did not use a specific dynamical model for 
the absorption of the K~ by three nucleons. This is, we 
did not use specific Lagrangians and a set of Feynman 
diagrams which would have given us the strength of the 
absorption process. In experimental studies the yield is 
simply the number of events for a particular channel per 
stopped . In contrast a theoretical determination of 
the yield of a process, or in other words the fraction of 
the total rate that goes into a particular channel, requires 
the calculation of all possible reaction processes. Clearly 
this is a very hard and time demanding task. Indeed, the 
experimental work of absorption on '^He [56| quotes 
in Table III a list of 21 reactions following K~ absorption 
by one nucleon (mesonic) and multinucleon (nonmesonic) 
mechanisms, and this represents only a fraction of the 
total. In many cases, one has nuclei in the final state 
which complicates further an eventual theoretical calcu- 
lation. The present theoretical situation is such that the 
microscopic mechanisms for two nucleon kaon absorption 
are only available from [13, [3 • There is no work done on 
three nucleon K~ absorption, and the scarce theoretical 
work on three nucleon absorption of pions [13, [IH is a 
refiection of the intrinsic theoretical difficulties that any 
microscopic evaluation involves. This, together with the 
enormous amount of physical channels that one would 
have to evaluate to produce the relative yield of just one 
of them, describes clearly the horizon of such a goal. 

In view of this horizon the work presented here be- 
comes even more valuable, because it has demonstrated 
that the observables presented in js^l to support the idea 
of a kaon bound state could be reproduced with just the 
kinematics of the three body absorption mechanism, and 
the detailed dynamical mechanisms that would have al- 
lowed us an evaluation of the absolute strength of the 
reaction were never needed. We also note that the yield 
of the peak was not offered as a proof for the advocated 
K~ bound state in [s^l, since the strength itself pro- 
vides no information on the mass and width which are 
the characteristics of a physical state. 

However, we shall make some instructive discussion 
about this yield from the empirical point of view with 
the only purpose to gain some knowledge on i^^ absorp- 
tion. This will illustrate that experiments like the one 
we are discussing provide indeed valuable information on 
K~ absorption worth giving some thoughts to. 

We start from the yield of 3.5 ± 0.2 % quoted in 
[6^ for the channel K~ "^He — *■ And, but from only 
two nucleon K~ absorption, since it was guaranteed that 
the produced deuteron was a spectator. The estimated 
yield does not give yet any information on three body 
absorption. Indeed, two situations can be envisaged 
for the ^He And reaction: two body absorp- 
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FIG. 7: (Color online) The A momentum distribution for K~ 
absorption reactions on ''TJe; K~ *i/e And channel is 
shown by shadowed area. The figure is taken from [H^. We 
added two arrows indicating the average momentum of the A 
for the two body absorption, about 550 MeV/c (a), and for 
the three body absorption, about 650 MeV/c (b). 



tion K~pn —>■ An, which produces a slow (spectator) 
deuteron, [6^ . or three body absorption K^ppn — > Ad, 
which leaves a neutron as a spectator. In this latter case 
the deuteron would be produced basically back to back 
with the A and would have a relatively large momentum. 
In order to get the strength of the three body absorp- 
tion process we need extra information, which can be 
found by looking to the A momentum spectrum for the 
'^He — > Adn reaction shown in Fig. 2a of [5^, and 
which we reproduce in Fig. [71 In the figure we have 
inserted two arrows indicating the average momentum 
of the A for the two situations described before which 
are about 550 MeV/c for the two body absorption and 
650 MeV/c for the three body absorption. Obviously 
the three body absorption case is penalized dynamically 
for two reasons: the three body absorption amplitude 
should be smaller than the two body one, and forming a 
d from an excited Anp system after three body absorption 
should be more difficult than forming a d from a specta- 
tor np system in the case of two body absorption. The 
experimental distribution, with admitted poor statistics, 
is still significant in as much as it shows strength below 
the peak for two body absorption. In order to have such 
events we must invoke some extra collision of the A with 
the remnant two body spectator following the dominant 
two body absorption, which would remove energy from 
the A leading to smaller A momenta. The small exper- 
imental bump around 650 MeV/c for the A momentum 
should be then attributed to the three body absorption 
process. 

We can make a rough estimate of 8/51 events for three 
body absorption to the total K~ '^He And yield, or 
8/43 for the three body to two body absorption ratio. 
This, together with the result from [64| . gives us a rate 
of 0.65% for the three body absorption, with large un- 
certainties from the poor statistics of the A momentum 
spectrum of 56] (of the order of 40% from the counts 
reported). This number is also consistent with the rate 
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of about 1% provided for the K~ '^He And reaction 
with high momentum deuterons in [55| , interpreted there 
as indicative of three body absorption. 

We are aware that ^Li is different from '^He and the 
rates could vary from one nucleus to the other. Among 
other possibilities, the deuteron breakup in the final state 
in ^Li could reduce this rate somehow. Therefore, the 
qualitative estimate that we have made for the three 
body absorption based upon the experimental data of 
[sgI . [6^ in ^He agrees qualitatively with the yield of 
0.44% ± 0.14% provided for the peak of the [H] experi- 
ment, which we have attributed to three body absorption 
in our kinematical study of the former sections. 

V. CONCLUSIONS 

We have performed a detailed study of the kinematics 
following three-nucleon K~ absorption in ^Li to reana- 
lyze a recent FINUDA experiment, which claims the exis- 
tence of a deeply bound kaonic state from the observation 
of a peak in the Ad invariant mass distribution. 

Since we are looking at an inclusive process, where 
a detailed knowledge on the nuclear structure is not 
needed, we have used a local Fermi sea model for the 
nucleus, which includes the following basic features: 1) 
the nucleus is represented by a local Fermi sea, 2) a kaon 
from the atomic 2p orbit of ^Li is allowed to be absorbed 
by three nucleons with momenta chosen randomly within 
the local Fermi sea, 3) these nucleons are bound by a 
Thomas Fermi potential with an additional gap energy 
chosen to respect the threshold of the reaction, 4) the 
total momentum and energy of the initial K~NNN sys- 
tem is given by the sum of the individual nucleons and 
the antikaon, which has zero three momentum, and 5) 
this initial K~NNN system converts into a Ad pair and 
the corresponding value of the Ad invariant mass is com- 
pletely determined. The compilation of events provided 
the distribution of Ad invariant mass, as well as the mo- 
mentum distributions of the individual A and d in the 
laboratory frame. 



We have been able to reproduce all the basic features 
observed in the experiment of Ref. [s^], namely the in- 
variant mass distribution of Ad pairs, the highly corre- 
lated back-to-back angular distribution between the A 
and the d, the distribution of missing mass with respect 
to a final nd system, apart from the measured Ad pair, 
and the momentum distributions of the individual A and 
d, as well as that of the combined Ad pair. In particular, 
the study served to show that the peak in the Ad invari- 
ant mass distribution observed in the experiment could 
be naturally reproduced within a three-nucleon K~ ab- 
sorption mechanism, thus concluding that this observa- 
tion cannot be used as an evidence for the existence of a 
K bound on a tribaryon, as was done in (53 |. 

On the positive side, the exercise served to go one step 
forward in the understanding of the process of kaon ab- 
sorption in nuclei, in this case looking at the three body 
mechanism. This interesting phenomenon deserves a spe- 
cial attention by itself. Looking at the amount of work 
that was invested in the understanding of pion absorp- 
tion in nuclei, both theoretical and experimental [STtlSa]. 
we can only be satisfied to see that, even if some exper- 
iments have been done for reasons which could not be 
supported a posteriori, they are paving the road for grad- 
ually achieving a more complete understanding of the 
phenomenon of kaon absorption in nuclei, which is nec- 
essary for progress in the same search for possible deeply 
bound kaon states. 



VI. ACKNOWLEDGMENTS 

This work is partly supported by contracts FIS2006- 
03438 and FIS2005-03142 from MEG (Spain) and 
FEDER, the Generalitat de Catalunya contract 
2005SGR-00343 and by the Generalitat Valenciana. 
This research is part of the EU Integrated Infrastruc- 
ture Initiative Hadron Physics Project under contract 
number RII3-GT-2004-506078, and V.K.M. wishes to 
acknowledge direct support from it. 



[1] N. Kaiser, P. B. Siegel a nd W. Weise, Nucl. Phys. A 594 

(1995) 325 [arXiv:nucl-th /9505043 . 
[2] E. Oset and A. Ramos, Nucl. Phys. A 635, 99 (1998). 
[3] J. A. Oiler and U. G. Meissner, Phys. Lett. B 500, 263 

(2001). 

[4] E. Oset, A. Ramos and C. Bennhold, Phys. Lett. B 527, 
99 (2002) [Erratum-ibid. B 530, 260 (2002)]. 

[5] D. Jido, J. A. Oiler, E. Oset, A. Ramos and U. G. Meiss- 
ner, Nucl. Phys. A 725, 181 (2003). 

[6] C. Garcia-Recio, J. Nieves, E. Ruiz Arriola and M. J. Vi- 
cente Vacas, Phys. Rev. D 67, 076009 (2003). 

[7] C. Garcia-Recio, M. F. M. Lutz and J. Nieves, Phys. 
Lett. B 582, 49 (2004). 

[8] T. Hyodo, S. L Nam, D. Jido and A. Hosaka, Phys. Rev. 



C 68, 018201 (2003). 
[9] C. Garcia-Recio, J. Nieves and L. L. Salcedo, Phys. Rev. 

D 74 (2006) 034025 arXiv:hep-ph/0505233 . 
[10] T. Hyodo and W. Weise, arXiv:0712.1613 [nucl-th]. 
[11] G. Beer et al. [DEAR Collaboration], Phys. Rev. Lett. 

94 (2005) 212302. 
[12] B. Borasoy, R. Nissler and W. Weise, Eur. Phys. J. A 25, 

79 (2005). 

[13] J. A. Oiler, J. Prades and M. Verbeni, Phys. Rev. Lett. 

95, 172502 (2005). 
[14] J. A. Oiler, Eur. Phys. J. A 28, 63 (2006). 
[15] B. Borasoy, U. G. Meissner and R. Nissler, Phys. Rev. C 

74 (2006) 055201 arXiv:hep-ph/06 06108 . 
[16] M. Lutz, Phys. Lett. B 426 (1998) 12 



8 



arXiv:nucl-th/9709073 . 

A. Ramos and E. Oset , Nucl. Phys. A 671 (2000) 481 



arXiv:nucl-th/9906016 



SchafTner-Bielich, V. Koch and M. Effenberger, Nucl. 
Phys. A 669 (2000) 153 arXiv:nucl-th/9907095 . 
A. Cieply, E. Friedman, A. Gal and J. Mares, Nucl. Phys. 
A 696 (2001) 173 arXiv:nucl-th/0104087 . 
L. Tolos, A. Ramos and E. Oset, Phys. Rev. C 74 (2006) 
015203 ,arXiv:nucl-t h/0603033'. 

S. Hirenzaki, Y. Okumura, H. Toki, E. Oset and 
A. Ramos, Phys. Rev. C 61 (2000) 055205. 
E. Friedman, A. Gal, and C. J. Batty, Nucl. Phys. A 579 
(1994) 518 

A. Baca, C. Garcia-Recio and J. Nieves, Nucl. Phys. A 

673 (2000) 335 (arXiv:nucl-th /0001060 . 

E. Friedman, A. Gal and J. Mares, Phys. Rev. C 60 

(1999) 024314 [arXiv:nucl -th79804072 . 

J. Mares, E. Friedman and A. Gal, Phys. Lett. B 606 

(2005) 295 arXiv:nucl-th/0407063 . 

J. Mares, E. Friedman and A. Gal, Nucl. Phys. A 770 

(2006) 84 arXiv:nucl-th/0601009 . 

D. Gazda, K Friedman, A. Gal and J. Mares, 
Fi,rXiv:0708.2T57' [nucl-th]^ 

E. Friedman and A. Gal. 1 arXiv:0705. 39651 [nucl-th] . 

T. Muto, Structure of multi-antikaonic nuclei in 
the relativistic mean field model, talk given at 
the "Chiral 07" workshop, Osaka, Nov. (2007) 
|http:/ /www.rcnp.osaka-u.ac.jp~chiral07/ 1) . 
T. Maruyama, T. Tatsumi, T. Endo and STUhiba, Recent 
Res. Devel. Physics 7 (2006) 1 arXiv;nucl-th/0605075 . 
T. Maruyama, T. Tatsumi, D. N. Voskresensky, T. Tani- 
gawa, T. Endo and S. Chiba, Phys. Rev. C 73 (2006) 
035802 arXiv:nucl-th/0505063 . 

X. H. Zhong, L. Li, C. H. Cai and P. Z. Ning, Commun. 
Theor. Phys. 41 (2004) 573. 

X. H. Zhong, G. X. Peng, L. Li and P. Z. Ning, Phys. 
Rev. C 74 (2006) 034321. 

L. Dang, L. Li, X. H. Zhong and P. Z. Ning, Phys. Rev. 
C 75 (2007) 068201 arXivmucl-th/0701060 . 
A. M. Torres, K. P. Khemchandani and E. Oset, 
larXiv:0712 .1938 [nucl-th]. 

Y. Akaishi and T. Yamazaki, Phys. Rev. C 65 (2002) 
044005. 

Y. Akaishi, A. Dote and T. Yamazaki, Phys. Lett. B 613 

(2005) 140 arXiv:nucl-th/0501040 . 

E. Oset and H. Toki, Phys. Rev. C 74 (2006) 015207 



[arXiv:nucl-th/ 0509048 
T. Yamazaki an d Y. Akaish i, Nucl. Phys. A 792 (2007) 
229 arXiv:nucl-ex/060904l' . 

E. Oset, V. K. Magas, A. Ramos and H. Toki, proceed- 
ings of the IX International Conference on Hypernuclear 
and Strange Particle Physics, Mainz (Germany), October 
10-14, 2006. Edited by J. Pochodzalla and Th. Walcher, 
(Springer, Germany, 2007), 263 ar Xiv:nucl-th/0701023| . 



[41] A. Ramos, V.K. Magas, E. Oset, H. Toki, Nucl. Phys. A, 
doi:10.1016/j.nuclphysa.2008.01.019. 

[42] N. V. Shevchenko, A. Gal and J . Mares, Phys. Rev. Lett. 

98 (2007) 082301 'arXiv:nucl-th/0610022 . 
[43] N. V. Shevchenko, A. Gal, J. Mares and J. Revai, Phys. 

Rev. C 76 (2007) 044004 arXiv:0706.4393 [nucl-th]]. 
[44] Y. Ikeda and T. Sato, Phys. Rev. C 76 (2007) 035203 

arXiv:0704.1978 [nucl-th]]. 
[45] T. Yam azaki an d Y. Akaishi, Phys. Rev. C 76 (2007) 

045201 lj arXiv:07 09.0630 [nucl-th]]. 
[46] W. Weise, proceedings of the IX International Conference 

on Hypernuclear and Strange Particle Physics, Mainz 

(Germany), October 10-14, 2006. Edited by J. Pochodza- 

ha and Th . Walcher, (Springer, Germany, 2007), 243 

[arXiv:nucl- th/0701035 . 
[47] A. Dote and W. Weise, proceedings of the IX Interna- 
tional Conference on Hypernuclear and Strange Particle 

Physics, Mainz (Germany), October 10-14, 2006. Edited 

by J. Pochodzalla and Th. Walcher, (Springer, Germany, 

2007), 249 arXiv;nucl-th/0701050 . 
[48] T. Suzuki et ai, Phys. Lett. B 597 (2004) 263. 
[49] M. Agnello et al. [FINUDA Collaboration], Nucl. Phys. 

A 775 (2006) 35. 
[50] M. Sato et al, Phys. Lett. B 659 (2008) 107 

arXiv:0708.2968 [nucLex]]. 
[51] M. Agnello et al. [FINUDA Collaboration], Phys. Rev. 

Lett. 94 (2005) 212303. 
[52] V. K. Magas, E. Oset, A. Ramos and H. Toki, Phys. Rev. 

C 74 (2006) 025206 arXiv:nucl-th/0601013 . 
[53] V. K. Magas, E. Oset, A. Ramos and H. Toki, 
arXiv;nucl-th/0611098 ; A. Ramos, V. K. Magas, 

E. Oset and H. Toki, Eur. Phys. J. A 31 (2007) 684 

farXiv:nucl-th/0702019j. 
[54] M. Agnello et al. [FINUDA Collaboration], Phys. Lett. 

B 654 (2007) 80 arXiv:0708.3614' [nucl-ex]]. 
[55] T. Suzuki et al. [KEK-PS E549 Collaboration], Phys. 

Rev. C 76 (2007) 068202 arXiv:0709.0996 [nucl-ex]]. 
[56] P. A. Katz, K. Bunnell, M. Derrick, T. Fields, L. G. Hy- 

man and G. Keyes, Phys. Rev. D 1 (1970) 1267. 
[57] E. Oset, Y. Futami and H. Toki, Nucl. Phys. A 448 

(1986) 597. 

[58] T.H.S Lee and K. Ohta, Phys. Rev. Lett. 49 (1982) 1079 

[59] H. J. Weyer, Phys. Rept. 195 (1990) 295. 

[60] L. L. Salcedo, E. Oset, M. J. Vicente- Vacas and 

C. Garcia-Recio, Nucl. Phys. A 484 (1988) 557. 
[61] T. S. Kosmas and E. Oset, Phys. Rev. C 53 (1996) 1409. 
[62] C. Albertus, J. E. Amaro and J. Nieves, Phys. Rev. Lett. 

89 (2002) 032501 |arXiv:nucl-th/0110046 . 
[63] J. Nieves, J. E. Amaro and M. Valverde, Phys. Rev. C 

70 (2004) 055503 [Erratum-ibid. C 72 (2005) 019902] 

[arXiv:nucl-th/04 08005 . 
[64] R. Roosen and J. H. Wickens, Nuovo Cim. A 66 (1981) 

101. 



